A morphometric study was performed in 18 human hearts with atrioventricular septal defect not associated with other anomalies; 16 hearts had common atrioventricular orifices, and 2 presented separate right and left atrioventricular orifices. A total of eight parameters were analyzed, characterizing ventricular wall thickness, length and circumference of the inflow and outflow tracts, and circumference of the left orifice and aortic orifice. The data were compared with previously published patterns of normality. In addition, the volume of the aortic outflow tract was calculated. The inflow tract was shorter than the outflow tract, and the length of the diaphragmatic wall was equal to the sum of the lengths of the inflow tract and ventricular wall thickness at the level of the apex.
The anatomic features of atrioventricular septal defect (AVSD) have been outlined by many authors, who pointed out the shortness of the ventricular inlet segments [4, 7, 11, 19, 20] and the excessive length of the left ventricular outflow tract [6, [16] [17] [18] . With the development of new methods for the prenatal diagnosis of congenital malformations, particularly congenital cardiac malformations, there has been a growing need for data on the quantitative anatomy of the heart. Echocardiographers also need this information to compare measurements with data obtained at autopsy [5, 15] .
Materials and Methods
The study was carried out jointly by the Basic Cardiovascular Research Section of the Department of Morphological Sciences at the University of Granada School of Medicine (Spain) and the Embryology Department of the Ignacio Chávez National Heart Institute in Mexico City. Morphometric data were obtained from a total of 18 hearts (7 male, 11 female) from human fetuses and children ranging in body weight from 1.10 to 24.0 kg and in age from a few minutes to 10 years. All hearts had AVSD that was not associated with other anomalies; 16 hearts showed a common atrioventricular orifice, and 2 had separate right and left atrioventricular orifices. Table 1 summarizes the data for body weight, age and sex in each specimen studied.
All hearts displayed the typical features of AVSD: (1) absence of atrioventricular septal structure; (2) ovoid common atrioventricular junction regardless of the number of valvar orifices [2] or an ellipsoid configuration [12] ; (3) absence of the wedge-shaped configuration of the subaortic outflow tract; (4) presence of (usually five) valvar leaflets guarding the common orifice, but not interpretable as forming a mitral or tricuspid valve; and (5) a disproportionately long outflow tract in relation to the length of the inflow tract, regardless of whether there was a common orifice or separate right and left orifices. With respect to the common anterior valve, our specimens belonged to type A according to the classification of Rastelli et al. [10] : the anterior valve was divided and was joined to the interventricular septum, which occupied the center of the atrioventricular ring.
Our morphometric study was based on the methods described by Lev et al. [8] . Calipers were used to measure the following eight parameters:
1. Maximum thickness of the myocardium of the left ventricular wall without trabeculae, usually at a point 0.5-1.0 cm distal to the left side of the common atrioventricular orifice or distal to the left orifice in hearts with separate orifices (LVM). 2. Thickness of the myocardium without trabeculae at the level of the left ventricular apex (LVA). 3. Circumference of the left orifice (LO) (separate orifices or a common ellipsoid orifice, in which case the perimeter P was calculated
, where a is the longitudinal diameter and b the transverse diameter). When the interventricular septum occupied the center of the atrioventricular ring, half of the common valve corresponded to each of the ventricles, and total circumference was calculated as the sum of the half-circumferences corresponding to each ventricle. transecting the junction between the septal and parietal walls, and taking the distances from (1) the point of junction between the septal and parietal walls and the point of continuity between the superior bridging leaflet and the aortic ring, located in the space between the right coronary and the noncoronary valves; (2) the latter point to the point of continuity between the superior bridging leaflet and the aortic ring, located in the space between the noncoronary and the left coronary valves; and (3) the latter point and the line of incision separating the septal and parietal walls. The sum of these three distances was considered the perimeter of the left ventricular outflow tract (PLV o ).
Figure 1 (specimen P-134 in our series) points out the three segments defined above for measuring PLV o in a heart with a common atrioventricular orifice, and Figure 2 illustrates how this parameter was measured in a normal heart from a 2.6 kg neonate. Figures 3 and 4 illustrate the other parameters mentioned above, except the circumference of the left orifice. Table 2 contains the values obtained for all parameters in all specimens. Body weights are given as log kilograms to facilitate comparisons between our data and those of Rowlatt et al. [13] , who related their data to body weight expressed as log kilograms.
Aortic outflow tract volume (AOT) was calculated as described in an earlier publication [1] ; this parameter can be imagined in anatomogeometric terms as a truncated cone located between the planes formed by the perimeters of the outflow tract (PLV o ) and the aortic orifice circumference (AV), with a height equal to one-fifth the length of the outflow tract (AA).
Pearson's correlation coefficient was used to determine correlations between body weight in log kilograms and the values for each parameter in centimeters (milliliters for aortic outflow tract volume). Statistically significant correlations were obtained for all pairs of values, and the linear regression line was adjusted to the scatter data. (Fig. 5.) Values of LVM were significantly correlated with body weight (log kg) (r = 0.6336, p < 0.005), according to the regression equation y = 0.3684 + 0.4206 log(x), with a growth rate of 0.4206 cm/log kg.
Results
2. Thickness of the myocardium at the level of the apex (LVA). The correlation between LVA and body weight (log kg) (r = 0.5018) was significantly different from zero (p < 0.04), according to the regression equation y = 0.1772 + 0.1676 log(x), with a growth rate of 0.1676 cm/log kg.
3. Left orifice circumference (LO). The correlation between LO and body weight (log kg) was r = 0.9421, a value significantly different from zero (p < 0.000001). The relation was explained by the regression equation y = 2.0190 + 4.3102 log(x), with a growth rate of 4.3102 cm/log kg.
4. Aortic orifice circumference (AV). The value of r (=0.9380) for the correlation between AV and body weight was significantly different from zero (p < 0.000001), according to the regression equation y = 0.9739 + 1.4543 log(x), with a growth rate of 1.4543 cm/log kg.
5. Inflow tract length (MA) (Fig. 6 ). MA was significantly correlated with body weight (log kg) (r = 0.8823, p < 0.0000014), with a regression equation of y = 1.2737 + 2.9197 log(x) and a growth rate of 2.9197 cm/log kg.
6. Outflow tract length (AA) (Fig. 7 ). There was a significant correlation between AA and body weight (log kg) (r = 0.9033, significantly different from zero, p < 0.000001), expressed by the regression equation y = 1.7765 + 3.9964 log(x). This parameter increased 3.9964 cm/log kg increase in body weight.
7. Perimeter of the left ventricular inflow tract (PLV i ) (Fig. 8) . The value of r (=0.8863) for the correlation between PLV i and body weight (log kg) was significantly different from zero (p < 0.000001), with a regression equation of y = 1.0111 + 4.6148 log(x) and a growth rate of 4.6148 cm/log kg.
8. Perimeter of the left ventricular outflow tract (PLV o ). PLV o was significantly correlated with body weight (log kg) (r = 0.9406, p < 0.000001). The regression equation was y = 0.7208 + 2.5738 log(x), and the rate of increase was 2.5738 cm/log kg.
9. Aortic outflow tract volume (AOT). AOT, measured as described in an earlier study [1] , was significantly correlated with body weight (r = 0.8623, significantly different from zero, p < 0.00001), according to the regression equation y = 0.3630 + 1.2744 log(x), with a growth rate of 1.2744 ml/log kg.
Discussion
We compared our results with the normal data obtained by Rowlatt et al. [13] in 83 normal hearts from children ranging in age from birth to 15 years. These data were compiled to serve as normal values that can be compared with data from congenitally malformed hearts. Rowlatt et al., however, did not measure any parameter comparable to the perimeter of the left ventricular outflow tract (PLV o ). Maximum thickness of the myocardium of the left ventricular wall (LVM) increased in normal hearts at a rate of 0.5586 cm/log kg increase in body weight, whereas in the hearts with AVSD the growth rate was 0.4206 cm/log kg increase in body weight.
In normal hearts, the slope of the regression plot for thickness of the myocardium at the level of the left ventricular apex (LVA) was zero, indicating a lack of correlation between this value and body weight. In our ma- terial, the growth rate of LVA was 0.1676 cm/log kg increase in body weight.
Mitral orifice circumference (MV) in normal hearts showed a growth rate of 3.3189 cm/log kg increase in body weight, whereas in our material the growth rate of the left orifice circumference (LO) was 4.3102 cm/log kg increase in body weight. Aortic orifice circumference (AV) increased at a rate of 2.5473 cm/log kg increase in body weight in normal hearts and at a rate of 1.4543 cm/log kg increase in body weight in hearts with AVSD.
Left ventricular inflow tract length (MA) showed a growth rate of 3.4151 cm/log kg in normal hearts, and increased at a rate of 2.9197 cm/log kg in the hearts analyzed in the present study. Left ventricular outflow tract length (AA) increased in normal hearts and hearts with AVSD at rates of 3.4878 and 3.9964 cm/log kg increase in body weight, respectively. The perimeter of the left ventricular inflow tract (PLV i ) in normal hearts and hearts with AVSD grew at rates of 3.1231 and 4.6148 cm/log kg increase in body weight, respectively.
We agree with Draulans-Noë et al. [5] that echocardiography and angiocardiography are important methods for diagnosing AVSD, estimating the severity of the anomaly, and assessing associated defects such as obstruction of the left ventricular outflow tract. However, the information provided by these techniques is based on the anatomic features of the anomalies, especially in the left ventricular outflow tract. Somerville et al. [14] found the severity of the anomaly to be related to the morphology of the left ventricular outflow tract. Our measurements of the circumference of the left ventricular outflow tract [1] warrant a more detailed description, as this parameter introduces a new concept in the anatomogeometric analysis of this chamber. The inflow and outflow tracts have been considered to be of equal volume. Although our figures for inflow tract volume generally agree with other series, it is not the case for outflow tract volume. What has up to now been called the outflow tract in fact represents only the middle and lower portions, leaving the upper third unaccounted for. We have designated this portion the aortic outflow tract (AOT), based on the fact that in all hearts examined, measurement from the aortic valve to the apex (left ventricular outflow tract) (AA), taken from the base of the right aortic leaflet, was longer than the left ventricular inflow tract (MA). The perimeter of the left ventricular outflow tract (PLV o ) therefore is a fundamental measurement for calculating the volume of the aortic outflow tract. This space can be imagined as a truncated cone whose base intersects the upper fifth of the distance from the aortic valve to the apex, taken from the base of the right aortic valve. Hence we consider the volume of the left ventricular outflow tract as the sum of the lower, middle, and upper components, and the left ventricular inflow tract volume is equal to the volumes of the lower and middle portions of the outflow tract.
As noted by Moulaert and Oppenheimer-Dekker [9] , hearts with AVSD show an anterolateral muscular band in the outflow tract, separating the superior bridging leaflet from the anterolateral wall of the left ventricle (Fig.  1) . According to these authors, this band, found in approximately 40% of all normal hearts, is thought to be a muscular remnant of the left end of the bulboventricular flange. It was clearly identifiable in all hearts with AVSD in the present study (Fig. 2) and is also found in normal fetal hearts.
The left ventricular outflow tract is bordered laterally by the anteriolateral muscle bundle and medially by the ventricular septum. The aortic outflow tract (AOT), with a growth rate of 1.2744 ml/log kg, also appears to contribute to the presence of AVSD.
Baron et al. [3] reported the angiocardiographic abnormalities that characterize AVSD, including the well known goose-neck appearance of angiocardiograms of the left ventricle. We agree that this image is caused by the anterolateral muscular band, together with displacement of the anterior bridging leaflet. In addition, we concur with Draulans-Noë et al. [5] and Wenink et al. [21] , who noted that ''accurate knowledge of anatomical detail in AVSD is necessary not only for the correct interpretation of angiocardiographic and echocardiographic findings, but also as a prerequisite to the development of appropriate operative techniques.'' 
